B
iliary atresia (BA) is an infantile neonatal disease that is characterized by ascending obstruction of the biliary tree associated with a progressive sclerosing cholangiopathy (1) . The progression of hepatic fibrosis in BA is quite dramatic. Many BA patients already have cirrhosis within a few weeks after birth. However, the etiologies and molecular mechanisms that are involved in these expeditious fibrogenic processes have not been well established.
The epithelial-mesenchymal transition (EMT) refers to a process in which epithelial cells lose cell-cell contacts and the unique protein expression patterns of epithelia and acquire the phenotypic characteristics of mesenchymal cells or fibroblast markers (2, 3) . Iwano et al. (4) first demonstrated that EMT in tubular epithelia is an important cause of murine kidney fibrosis. This finding was followed by similar studies of the liver, which suggested that hepatocytes can undergo EMT in vivo (5) . Cholangiocytes then quickly became the focus of EMT research with the finding of evidence of EMT in rodent livers (6) . However, additional and rigorous data are still needed to define the role of cholangiocyte EMT in BA fibrosis.
The miR-200 family consists of five members that are organized into two clusters: miRs-200b/a/429 and miRs-200c/141. Several studies have shown that the miR-200 family can suppress tumor metastasis and invasion by inhibiting EMT (7) (8) (9) (10) . Transforming growth factor (TGF)-β1 has been shown to drive EMT in many systems and is also likely to drive EMT in the liver (11) . We previously demonstrated that miR-200b inhibits TGF-β1-induced EMT in intestinal epithelial cells (12) . Here, we found that miR-200b significantly suppressed TGF-β1-induced-EMT in biliary epithelial cells (BECs), which suggests that miR-200b might be a potential candidate for ameliorating BA fibrosis.
RESULTS

The Expression of EMT-Related Proteins in BECs Is Associated With BA Fibrosis
A total of 18 children with BA were enrolled in this study. All patients exhibited elevated direct bilirubin, total bile acid, serum γ-glutamyltransferase, and alanine aminotransferase levels ( Table 1) . Periportal and bridging fibroses were observed in the majority of the collected specimens (Figure 1a) . Based on Masson's trichrome staining, the degrees of liver fibrosis in all biopsies were classified into classes I, II, III, or IV (Figure 1b) . We also found that fibroblast-like cells were present around the hyperplastic bile ducts (Figure 1c,d) .
The evidence for EMT in BA has been reported previously (13) (14) (15) . In the present study, we double-stained all liver sections with α-smooth muscle actin (α-SMA), which is a reliable marker of myofibroblastic cells, and the ductular epithelium marker CK-7. Consistent with previous observations, we demonstrated that multiple α-SMA-positive cells had accumulated around the hyperplastic cholangiocytes (Figure 2a,b) . Simultaneously, α-SMA emerged in many CK-7-positive ductular cells (Figure 2c,d) . Of particular interest, the levels
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Articles of α-SMA protein in the BA liver samples increased with the liver fibrosis progression (Figure 3a) . In contrast, the numbers of cells that expressed α-SMA and CK-7 were reduced with the severity of BA fibrosis (Figure 3b) .
miR-200b Inhibits TGF-β1-Induced EMT in BECs
TGF-β1 is the most established mediator and regulator of EMT (11) . Upon stimulation with TGF-β1, BECs have been observed to undergo EMT-like transformations as evidenced by the loss of cell-cell adhesion and alterations in morphology that involve a transition from a round, compact shape to a spindle shape (Figure 4a,b) . It has also been shown that BECs significantly lose the expressions of CK-7 and E-cadherin; in contrast, these cells acquire the expressions of N-cadherin, vimentin, and α-SMA (Figure 4c,d) . We have demonstrated that miR-200b can prevent TGF-β1-induced EMT in intestinal cells (16) , which suggested us that miR-200b might suppress TGF-β1-mediated EMT in BECs. Indeed, we observed that miR-200b significantly supressed the cholangiocyte EMT by increasing the expression of E-cadherin and inhibiting the expressions of vimentin, N-cadherin, α-SMA, and the E-cadherin transcriptional repressor zinc finger E-box-binding homeobox (ZEB)1 ( Figure 5 ).
DISCUSSION
It has long been recognized that the cells located within and closely around the portal areas with myofibroblastic phenotypes are the main source of fibrosis in BA (17, 18) . However, several recent studies have suggested that some alternative mechanisms might also contribute to the expansion of myofibroblastic populations in BA (14, 15, 19) . Here, we found and confirmed evidence for EMT in BA and showed that bile duct epithelia underwent EMT and transdifferentiated into myofibroblasts; thus, these cells might be an additional and significant source of fibroblasts in BA. We showed that α-SMA localized to both the fibroblast-like cells and the BECs and colocalized with the marker immature ductular epithelia marker CK-7 in the epithelial cells of deformed duct structures. Interestingly, the number of cells that coexpressed α-SMA and CK-7 was reduced with the severity of BA fibrosis. The phenotypic shift that was characterized by the gain of α-SMA expression and decreased staining for the epithelial marker CK-7 might explain the "loss" of BECs and the "gain" of portal tract fibroblasts that eventually differentiate into α-SMA-expressing myofibroblasts. TGF-β is critical for the progression of fibrosis and is the major inducer of EMT (11) . It has been well documented that the production of TGF-β by BECs and surrounding cells increases in BA cases with prominent ductular reactions. Additionally, TGF-β secretion by activated portal fibroblasts is also increased in BA and isolated cells (18, 20, 21) . Our in vitro findings suggest that cholangiocyte EMT in BA might be induced by TGF-β1, which decreased the expressions of epithelial markers and increased the expressions of mesenchymal markers in BECs and induced morphological changes toward mesenchymal features. The members of the miR-200 family are regarded as powerful inhibitors of EMT in tumor invasion (10) . Here, we found that miR-200b significantly inhibited TGF-β1 induction in cultured BECs via the upregulation of the expression of E-cadherin and the downregulation of the expressions of vimentin, α-SMA, and N-cadherin. These findings suggest that miR-200b might attenuate the progression of BA fibrosis by suppressing the cholangiocyte EMT.
In summary, our results revealed that BA fibrosis is due at least in part to biliary EMT and provide direct evidence that miR-200b inhibits EMT in BECs.
METHODS
Materials
The primary human intrahepatic BECs were obtained from PriCells (Wuhan, China). Dulbecco's modified Eagle's medium and fetal bovine serum were purchased from Gibco (Los Angeles, CA). Anti-vimentin, anti-E-cadherin, anti-N-cadherin, anti-ZEB1 and anti-glyceraldehyde 3-phosphate dehydrogenase (GAPDH) antibodies, and recombinant human TGF-β1 were purchased from Cell Signaling Technology (Danvers, MA). Anti-α-SMA antibody was obtained from Sigma-Aldrich (St Louis, MO). Lipofectamine RNAiMAX was purchased from Invitrogen (Carlsbad, CA). The Hasmir-200b mimics and inhibitors were synthesized by GenePharma (Shanghai, China). 
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Specimen Preparation A total of 18 liver biopsies were obtained from BA patients who were referred to the Xin Hua Hospital, Shanghai Jiao Tong University, Shanghai, China. This study was performed according to a protocol approved by the faculty of the Medicine Ethics Committee of Xin Hua Hospital in accordance with the ethical standards prescribed by the Helsinki Declaration of the World Medical Association. Written informed consent (XHEC-D-2012-011) was obtained from the guardians prior to specimen collection.
Masson's Trichrome Staining
Masson's trichrome staining was performed according to the manufacturer's protocol (Genmed Scientifics, Wilmington, DE). The collagen fiber was stained blue, the nuclei were stained black, and the background was stained red.
Immunohistochemistry and Immunofluorescence
The immunohistochemistry assays were performed with chromogen 3, 3′-diaminobenzidine, which is a horseradish peroxidase substrate. Briefly, the liver sections were incubated with xylol and descending concentrations of ethanol. Endogenous peroxidases were removed with 0.3% H 2 O 2 . The CK-7 antibody was then applied at an optimal concentration overnight in a wet chamber after blocking with 5% bovine serum albumin for 1 h at room temperature. The slides were rinsed in phosphate-buffered saline and incubated with the secondary antibody. Antibody binding was visualized with a liquid 3′-diaminobenzidine substrate Chromogen System (Dako, Glostrup, Denmark). The slides were rinsed in phosphate-buffered saline and counterstained with hematoxylin. For immunofluorescence analysis, the cells were initially fixed with 4% paraformaldehyde. The sides were then incubated with anti-CK-7 or anti-α-SMA antibodies at room temperature for 2 h. After washing three times with phosphatebuffered saline, the secondary antibodies conjugated to fluorescein isothiocyanate or fluorescein amidite were applied to these cells for 
